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G -E {17 Aug o0) ist Ind.
UBJIrT: ruov Point Burricane Barrier, Providence, Fhode Island, Design
Mewornndum Bo. 15 -~ Cuoling Water Canal Corrosion Mitigstion.

ffice, T .ef of Engineers, Washington 2%, D. C. 12 September 1960

: Division Engioear, U. §. Army Engineer Division, New England
L tham, Masssachuaetts.

Aithougt. the recommendation of the Hinchman Corporation contained
iz r Jesign mewmorandum is not comsilered to be complete, it is an acceptable
basrc aciuvtion, and it is not apparent why the consultant's recomsmendation was
4 e~garded by the Division. The assumption used by the Division and on which
175 pcommendation 18 based is not correct. It has been observed on undervater
8w tares. composed of esteel and wood members, that protection is cbtained
¢y the ostee. surfaces beneath the wood members.

2. 1t {s coosidered that all metal in the subject structure should be
Frovwe wea agaiust corroaion by cathodic protection supplemented by a paint
comti ng above Elevation -3.0. The basic installation details should be as
rol;-"‘ .

e. All paint costings should be applied after sandblasting to bright
weial. The paint coating on the piles Just below and just above mean lov water
raouid be in excellent condition before the piles are driven to their fioal
deg~h. Those a-eas above mean lov vater may be fouched up or palnted safter the
piles heve been driven. Considerstion should be given to ralsing the connection
bet seen the battar pile and the soldier pille in order to gein more time to
mak> the conrection and for painting between periods of submergence.

b. In order to insure that the cathodic protection system will have
suf?’ ~{ent capacity to establist polarization at all times 1%t should be designed
on the basis of 10 millismperes per sgquare fpot of 8 rged ares the river - 1_
s1de and 4 mi.liamperes on Tﬁ cane.; side. S f“\ Ces- vl Uf?;{ RYTIVN
AR KA ML 4

c. Tn the tailed de-sj.gn the cathodic protection aystem considera-
*tom glL.oucd be gliven to placing au snode on each side of esch pile cluster and
as closs as possible., This arrangement would reduce stray currents to forelgn
sLructures to & minimum, reduce power costs &and simplify installsation.

[

d. L tlorough investigation of coatings showld be made to determine
the type most euitable. The Rock Igiand District Laboratory has been conducting
tests on Urethape type coatings and 1t ia requested that these coetings be
evaluated for use in the instant case. The Naval Research Laboratory sdvises,
where cathodic protection is used, taoat & Vinyl or Polyurethane coating would
probably be the best; also the Bureau of Yards and Docks reports that the early
resuits of their pile coating testa indicate the Vinyl coatings to be among
the most durable.




ENGCW-E (18 Aug 60) lst Ind. 12 September 1960
SUBJECT: Fox Point Hurricene Berrier, Providence, Ruode [aland, Design
Meaorendum No. 15 - Cooling Water Cansl Ceorrosion Mitigatiom.

3. A design memorapdum should be submitted covering tne detalled design
of the cathodic protection pystem to be installed.

FOR THE CHIEF OF FNGINEEKS:

e 7 h~d_,_
S fj /%CM"
/

IDC‘l U!d F. B. SLICH'IER
Chief, REogineering Division
Civil Works
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SUBJEGTsf/Fbx Point Hurficane Barrier, Providence, Rhode Island,
Design Memorandum No. 15 - Cooling Water Canal Corrosion
Mitigation. -

TO: Chief of Engineers
Department of the Army
Washington, D. C.
ATTENTION: ENGCW-E

1. Reference is made to lst Indorsement dated 23 March 1960
to letter of this office dated 4 March 1960; Subject: Fox Point
Hurricane Barrier, Providence, Rhode Island; Design Memorandum
No. 11 - Cooling Water Canal., In accordance with the indorsement,
there is submitted for review and approval Design Memorandum No, 15~
Cooling Water Canal Corrosion Mitigation. This memorandum is a re-
port prepared by the Hinchman Corporation, Detroit Michigan.

2, The report assumes that a current density of .010 amperes
per square foot is required for the steel on the river side of the
wall., It is believed that this rate is unnecessarily high for the
following reasons:

a, Normally, the principal currents in the river are due
to intake and discharge of cooling water, which is drawn from the
brackish Seekonk River. After construction, there will be prac-
tically no intermixing of the intake water with the upstream inflow,
but the usual downstream flow of discharge water and upstream in-
flow will continue in a different current pattern. The changes in
galinity should not be radical, ‘

b, Since the salinity of the water should not change to a
major degree, the average rate of pitting in the tidal area on the
river side should be much less than estimated. Based on general
experience, it is believed that an average pitting corrosion rate
of ,005 inches per year is reasonable, about half the rate estimated
in the report. This would reduce the cost of installation and
operation of the cathodic protection system.

3, If the annual loss of section without protection is only
half that stated in the report, the useful 1life of the wall would
apparently be doubled to a total of 30 years for the design head



SUBJECT: Fox Point Burricame Barrier, Providence, Rhode Island,
' Design Memorandum No. 15 -~ Cooling Water Canal Corrosion
Mitigation.

differential of two feet. This design condition would occur only in
the event of a hurricane with the gates closed, or if the gates were
improperly operated, However, the point of maximum stress would not
be near the tidal range, the zone of maximum corrosion. The useful
life would be considerably above the sbove estimate for design
loading and even greater for normal conditions,

. The timber panels will effectively shield the interior sur-
faces of the soldier piles from the protective current. It is the
informally stated opinion of the Hinchman Corporation that any cor-
rosive elements in the water trapped behind the panels; or seeping
in, will be quickly exhausted and therefor the absence of a pro-
tective current is not a major factor in the life of the piling.
This opinion is not concurred in, Corrosion at a rate approaching
that of unprotected surfaces is anticipated.

5. “Assuming that cathodic protection will not extend to all
surfaces, and that the useful life of the wall will approach that
guaranteed by cathodic protection, it is recommended that no
cathodic protection be provided and that a coal tar epoxy resin be
applied teo the piling.

FOR THE DIVISION ENGINEER:

oW

JOHN WM. IESLI
ief, Engineering Division

Inecl,
Des, Memec No. 15 o=
Cooling Water Canal
Corrosion Mitigation

(10 cys)
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FOX POINT HURRICANE BARRIER
PROVIDENCE, RHCDE ISLAND

DESIGN MEMORANDUM NO. 15

CORROSION MITIGATION
COOLING WATER CANAL

A. GENERAL
1. Purpose. - The purpose of this design memorandum is to glve the
results of the field survey and investigation of corrosion mitigetion
for the sgteel portion of the Cooling Water Cansl Well. These results
are to be evaluated and a preliminsry design incorporsated into this
design memorandum.

2. Locegtion. - The corrosion mitigation systems are to be located
along the Canal Wall with anodes on both sides of the Cansal Wall.
The rectifiers are locsted as shown on Plate 15-1.

3. Description. - The corrosion mitigation systems are to be of the

. impressed current type of cathodic protection spplied to bare metal

in the Cenal Wall. Power for the system will be sltermating current
rectified to direct current. The rectifiers are located on Plate 15-2,
Anodes of the impressed current type will be leid in the bed of the
river on both sides of the Canal Wall so as to distribute current to
every steel pile used in the Canel Wall.

B, PRELIMINARY FIELD SURVEY

L. G@eneral. - The Cooling Water Cenal Wall, hereafter referred to as
the Canel Wall, is to be located In the Providence River as shown on
Plate 15-1. The river flows into Narregansett Bay which is essentially
sea water. The wall is approximately 1,500 feet long and is to be con-
structed of steel H-plles driven vertlcally into the river bottom at
10-foot intervals. The space between beams will be of timber construc-
tlon. Each steel H-pile (or soldier pile) will be supported by a steel
H-pile batbter pile driven into the river side of the Cansl Wall. The
soldier piles will be fastened together along the top by steel beams
(or wales). The soldier pile, batter pile and wale are to be of
gstructural (low carbon) steel. The timber is to be creosoted Douglas
fir or southern pine. In the Cansl Wall will be two sets of metal
flapper gates for automstic control of the water head. In addition

to the Ceanal Wall, metal beams will be used for support of various
facillties. There are to be three utiliiy extensions over the Cansal
Wall and three flume extensions for the Narragansett Electric Compeny.
A deflector wall will also be installed near certain plers of the Point
Street Bridge. Flume extensions are to be supported on steel piles.



The deflector wall is to be of comstruction similar to the Cansl Wall
except that no babter piles are utilized. '

5. Corrosion Experience. - The waterfront structures in the Providence
River are of timber construction and no corrosion history could be
obtained on the behavior of metal piles in the ares of the future Cansl
Wall. Some corrosion information was obtained from persomnnel at the
Narragensett Electric Compeny in regerd to maintenance of the screen
equipment for thelr coolling water intakes. The screens are composed
of indlvidual wire scereen beskets fastened together to form an endless
belt. Part of the screen is used for straining debris from the water
while the other part is out of the waber belng cleasned. Each basket
has a frame of mild steel and a hesvy screen wire of copper. No
serious corrosion has been experienced on the copper. However, the
steel frames must be replaced every three years due to corrosion.
Trash racks for the screens are located st the water intake several
feet away and upstream from the screens. The trash racks are made of
steel and are completely submerged nesr the river bottom. A 7T-year
life 1s not unmisusl and in some cases will exceed this. Informstion
shows the maximum life of trash racks to be less than 11 years. Assum-
ing & trash rack metal thickness of 1/2 inech, uniform corrosion attack
on both sides of the metal and & maximm life of 11 years, the corro-
sion rate is 0.027 inch per year (or 27 mils per yea¥). Corrosion has
been severe enough at Narragsnsett Electric Company to install six
cathodic protection systems. 1In addition, two screens have been
constructed wholly of stainless steel. Photographs of corroded mild
steel baskets are showm in Appendix B.

6. Hlectrical Tests. - Electrical tests were performed for obtaining
water resistivity, locating any stray currents and testing e:d.sting
cathodle protection systems.

a. Water Resistivi’oy. -~ Resistivity tests were made on water in
the Providence River to determine selinity snd for use in preliminery
design of the corrosion mitigetion systems. The tests were mede at
three locations and the results are given in Teble 1 in Appendix A.
The results indicate that the ses waber in the river had heen dlluted
rapproximately 50 percent of lts volume to 150 percent of its volume or,
in other words, 1.5 to 1 and 2.5 to 1. Sea water which has been diluted
loses much of its matursl corrosion-inhibiting properties but retains
its corrosive properties. The nebural irhibiting properties will tend
to decrease the corrosion rate. The nstural Inhibiting properties are
due to a super-sgsaturation of sea weber with calcivm cerbonste., As
diluftion tekes place, the water is no longer super-saturated. Resis-
tivity measurements give us conductivity values. Knowing the conduc-
tivity of the water in question and the pure sea water, the amount of
dilution is determined. Resistivity tests are necessary to determine
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requirements of & cathodic protection system. They also serve o
determine salinity, from which data can be extracted for concentra-
tion of various selts in the water.

b. Potentlal. - Tests for electrical potential were made on
three utilities at the Nerrsgansett Electriec-foimpany and on the
screens previously dlscussged. The three utilities tested were 115 XV
submarine cebles at the Manchester Street plant, steam line near the
Point Street Bridge at the Manchester plant, and the 22 KV submarine
cebles at the South Street plant. Potentials on the utilities are
listed in Table 2. The potentials obtained are normal and are impor-
tant as fer as future installations of cathodic protection systems,

c. Stray Current. - To determine whether stray currents exist
in the area, a recording high resistance voltmeter was set up on each
of the three utllities mentioned in b. The recorded potentials were
steady end showed no change in polarity or fluctuation. For the
periods tested, there was no stray currvent in the area of the Canal
Wall.

7. Chemical Tests. - Most of the chemicel data studied during the
investigation ceme from various laborstory analyses made for the
Goverrment and from the Warrsgensett Electric Compsay. For the period
‘of 27 Merch 1957 to 17 June 1960, data on water tempersture, pH and
concentration of carbon dioxide, oxygen and hydrogen sulfide were
furnished to the Engineer. The maximum and minimum of each of these
varigbles 1s tebulated in Table 3. Temperastures arcund T8 degrees F.
are natursel for water in the tropical aress, but are not natural For
gea water in the New England area where 50 degrees F. would be more
normel.. This higher temperature is conducive to higher rates of
chemical reactions, for exsmple corrosion reactions8. The higher rates
of corrosion in the tropical areas are usually offset by marine growths
which stifle the corrosion. Marine growths in the Providence River are
consplecuous by their sbsence. Thus, corrosion ian this wabter will tend
1o be greater than in pure ses waber as far as tempersture is concerned.
The pH of the Providence River water is lower than sea water due to
dilution of the naturally alkeline calcium carbonate. The effect on
corrosion is o csuse more uniformity end less pitting. However, the
overall rabte of loss will be grester than that in sea wabter due to the
losse of inhibiting power from the calclum carbonate. ILittle can be
geined from noting the carbon dioxide concenbration because of its
erratic changes. The oxygen concentration is unusuvally low for sea
water. Low oxygen is Indlcative of reducing conditions. Reducing
conditions are fayorsble for growth of anaerobic bhacteria which are
destructive to steel. Such bacteria cannot thrive 1f the pH exceeds
8.5. The fact that hydrogen sulfide has been found in the river water
shows that reducing conditions sre possible and explains the low oxygen
concentratlon. It Is known thet the Providence River is contaminated
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with meny wastes including sewage and other organic material. Such
waber can be destructive to steel. However, organic maberial in the
water will tend to discoursge corrosion in the tidal range; for example,
«2.9 msl to +3.5 msl., Polnbs above +3.5 mel will be subject to atmos-
pheric corrosion, and points below -2.9 msl will be sublect to under-
water corrosion. Hydraulic model studies tend to indicebe that water
in the cansl will become more saline, and water in the river will become
less saline¥*, This will result in an enviromment spproaching sea water
on the csangl side and polluted brackish waler on the river side.

8. Boring Logs. - The type of earth to be encountered in the driving
of piles affects the behavior of protective coatings (if any) on the

piles and also affects the corrosion to be expected. A typical pile

will be driven through:

(1) Black, loose organic silt,

(2) Gray, sandy gravel with cobbles,

(3) Gray, loose sandy silt,

(k) Compact sand (known as glacial till).

Pile refusal elevations are expected to be in the glacial till stratum.
_ It is anticipated thet approximetely 50 percent of organic coatings on
the pile will be lost from the pile in the denser earth section. Metal
will be exposed in the eaxrth section due to this losa of coating. The
presence of black, loose organic slli and other soils in this earth
section, such as black, soft organic silt, lends credence to the data
on reducing conditions of the river water and soil. The organics
require oxygen and thus lower the oxymen concentration iIn the water.
This lower oxygen concentration allows the sction of the previously
mentioned anserobic bacteria:. The presence of sulfates (reported to
be as high as 2,310 parte per million*¥) will encoursge the sulfate-
reducing type of amaerobic bacteria sssociated with high corrosion
rates of steel®¥%, ‘

9. Existing and Fubure Utilitles. - There are now 32 submarine cables
in the Providence River in the vieinity of the Canal Wall. Along the
shore, gboveground, ere two steel pipes, one for oil and one for steam.
In addéition %o these 32 cables snd two steel plpes, there are four '
utilities being extended over the Canal Wall. The four utilities
consist of three cast-iron pipes and one box, 12 inches by 18 inches.
The steam pipe and certain cables of the group of 32 cables were
tested Tor potentiel and stray current as previously discussed.
Discussions with personnel at the Narirsgansett Electric Company
revealed that there were no "electrolysis" problems. However, many

¥ Design Memorandum No. 11,
#%  Laboratory Report, 21 September 1959, Corps of Engineers.
*¥% Corrosion Handbook, H. H. Uhlig.
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yesrs sgo when direct current was generated, there had been "electro-
lysis" problems. Tt is significant that the 115 KV submerine cebles
were instelled in the river in 1941 and since thet time, no fallures
on these cables have been recorded. Also no corrosion failures were
reported on any of the utilities. Corrosion of the cooling water trash
racks and screens has already been discussed. A review was also made
of available plans of the general area. No probable sources of stray
current were loceted. From this review and the foregoing discussion,
1t is ressonsble to assume thet stray current will not be a source of
corrosion activity at this location.

10. Discussion of Corrosion of Metal in the Providence River. - The
metal exposed to the waler and earth in the Providence River will
corrode from action of salts, geses and orgenics in the river. Verti-
cal metal structures which pass through the tidal area, water area and
into the earth will be subject to maximum corrosion damsge. Areas of
low oxygen concentretion will be anodic to areas high in oxygen concen-
tration. Thus areas 1n the tidal zone which are contacting atmospheric
oxygen will be cathodlc to areas limediately below. However, during
low tide, the portion of metel exposed to the atmosphere will corrode
from the action of =alts left on the metel by the water. A character-
istic of coastal rivers is the presence of layers of water. The tide
flow causes & thin wedge of sea water to slip under the fresh water.
The fresh water remsins on top because it is less dense then the sea
water. This stratified water contacts vertical wmetal members and
increages corrosion in the zZone of sea water. It is estimated that
corrosion of the metal piles in the Canal Wall will proceed at = rate
of 5 mils per year {0.005 inch per yesr) in the submerged zone. This
correosion will not be uniform. Seme pltting will occur and it is
estimated that corrosion pitting in the subwerged zome will occur ab
the rate of 15 mils per year (mpy) for the first 10 years and &t the
rate of 8 mpy for the next %0 yesrs. In the tidal ares the metal loss
due to corrosion will be greater than in the submerged zone. The cor-
roglon is estimated to be 10 mpy with pitting occurring at the rate

of 15 mpy. Wlith the change in selinity of the water, the corrosion
rates will be different from the figures given. Thus, corrosion on
the canal side of the well will be slightly less in the submerged zZone
and slightly more in the tidal zone. Corrosion on the river side of
the wall will be greater in the submerged zone and slightly less In
the tidel zone. These deviatlons are due to the water in the canal
approaching the characterdstics of ses water;, and the water in the
river becoming less geline and more brackish. The predicted corrosion
rates expressed gbove are congidered to be comservative and have 'been
encountered at simitar marine installations.

s.00dinch
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C. TNVESTIGATION OF CANAL WALL DESIGN FOR CORROSION MEITIGATION

11. Present Canal Wall Design (without corrosion mitigative measures). -
The present Cenal Wall design utilizes & l4-inch bearing pile, 102-pound
per foot as the soldier pile. This pile haes a flange thickness and web
thickness of 0.704 inch. Tt is assumed that a 50 percent reduction in
section moduius can be sustained before reaching the yield strength of
the metal under cerbtain conditicns of load. With this sssumption, a
metal loss of approximstely 45 percent is allowed, assuming uniform

- corrosion atteck. For the plle under consideration; this amounts to
0.317 inch if removed from & single surface. Because corrosion would
attack both surfaces of a flange, the 0.317 inch becomes O. 158 inch

for one surface of the flange.

a. The most Iintensive corrosive asttack will be on the cansl side
in the tidal zone. Uniform atteck of 10 mpy 1s expected In this area.
Thus, & useful life of approximetely 16 years cen be predilcted. How-
ever, before the 1l6-year period is completed, failure could result
from & loading in excess of those for which a 50 percent loss in section
modulus was assumed. This loading could result from wabter heads due to
pump failure, human error, floods or other situaticns. In addition,
corrosion pitting could conceivably occcur so as to wesken a member
premefurely.

b. The Jjolning of the soldier plle and babter pile is, at the
present, by the use of bolts. The bolts ars necessary to effect
aspenbly of the two menmbers because of the condltions under which
the connection mst be made. A bolted joint such as this ome will
corrode more rapldly than smooth metel surfaces nearby. This is
because of the crevices in threads, under mabs, ebc. which trap water
long after the water Yevel has descended. The trapped water continues
the corrosion activity until the weber has completely eveporsted, and
some parts of the assembly may never dry out. Crevices under the bolt
head, nut and yasher will allow suell corroslon concentration cells to
be set up. These cells will be most active abt low tide. ~Corrosion at
thege points will be in. excess of the 10 wmpy previously assigned to
the tidal zone.

¢, Tt is antiei’pated. that this corrosion will cemse an electri-
cal discontimity between the soldier and batier piles as well as
between the soldier pile and wale. (Contimuity 1s necessary for the
application of <athodic protection. The use of stalnless steel bolts
for the asgembly of gteel members would cause & moderste incresse in
corroslion of the steel :I.media’cely a;rcmnd the hole and for this reason
will not be used.

d. The 3/k inch steel rod for holding the timber panels together
and the 1/2 inch bolt for fastening the 4-inch by 6-inch blocking will
be subject to the corrosive effects of the cansal, and Providence River
water. Such metal fastenings cemmot be made continuous econcmiecally

b



in the event cathodic protection is desired. However, these mebtel
fastenings are not necessary for functlon of the wall end are only
for initial installation of the timber penels.

e. Plles supporting the flume exbensions are capped with con-
crebe. This concrete enviromment will cause & cathodic area end
promote corrosion of the steel below the concrete. Thus, these steel
plies will suffer corrosion in excess of the uniform corrosion rate
of 5 mpy. . .

f. The deflector wall plles will be subject to the same rate of
deterioration as the canal side of the Canal Wall.

12. TFeabures Desirsble in Canal Well Design. - The investigation has
revealed certain features which should be incorporated into the Canal
Wall design which will insure the successful applics.tion of cathodic

protection.

a. The likelihood of loss of conbinuity hetween bolted steel
mewbers shows the desirsbillty of welding =z bonding member between
the batter pile, soldier pile and wale as shown on Flate 15-3.
Furthermore, it is recomended that assewbly of the steel members be
accomplished with structural steel bolts after removel of any surface
coabing. Steel lock washers shonld be used to aid in making metal-to-
metal contact.

b. Drain holes will be provided in the web of the wale at each
soldler pile to allow draining of this weter at low tide.

&¢. Piles used for support of the flume extensions will be bonded
together with reinforcing steel. and the reinforcing steel bonded into
the Canal Well.

d. The flap gates are to be bonded imto the Cansl Well. These
gates are still in the deslgn stage and therefore cannot be discussed
further at this time. ‘

e. Test leads, test polnts and electrodes will be necessary in
a cathodle protection system and would be Installed at the time any
cathodic protection systems are instelled.

f. Comnections to utilities and resistance bonding of utilities
would be accomplished at the time any eathodic protection systems are
instelled. No insulsting joints are recommended for the utilities on
the utility extensions.



D. EVAIDATION AND COMPARISON OF COSTS FOR ALTERNATE PROTECTIVE MEASURES

13. Protection by Cholce of Meterisls of Construction. - Corrosion may
be decreased or halted by verious means of separating the metal under
consideration from its corrosive enviromment. This separation may be
by dielectric meterials such as plastic coatings or by metals which
haye a lower deterioration rate than the metsl to be protected. The
meterials considered for protection of the soldier and batier piles

of the Cenal Wall were: Increassed thickness of existing metal (steel),
an orgenic coating (thermosetting epoxy resin), inorganic costing
(alvminum oxide), metallic coating (alumimm snd zinc), monel cladding
and monel. sheathing.

a. The computations for the cost comparison appear in Appendlix A.
The inorganic coabing was eliminated due to its likely loss of bond
when the pile is driven. The monel cladding (metellurgicel bond to
the steel) would not be quoted by any fabricator.

b. On a per year basis, the increased thickness is the most
economical. However, the meximum 1life of the structure utilizing
the thilckest bearing pile comercially availsble is 21 years. The
only alternate which allows a 50-yeer 1life of the Canal Well is monel
shesthing. Thus, the most economical method of insuring a 50-year
life by choice of materiel only is by monel sheathing. The cost of
such protection is $67.00 per pile seb* per year.

1k. Protectlion by Cathodic Protection. - Corrosion may be lowered to
a negligible rate, and the life of & structure extended indefinitely
by the use of cathodlc protection. The cost of cathodlic protection
is related to the current requirements of the structure under consid-
eration. Cathodic protection for the Cansl Wall is considered,
assuming bare steel piling and coated steel piling. Costs of the

cogting, anodes and power have been compubted and are shown in Appen-
dix A.

a. It should be noted that a life of 20 years has been assumed
for the coating below water. Based on avallable literature on this
type of coating, it is ressonsble to assume that & good coating can
be expected to exist at the end of 10 years. A gradusl deteriorstlon
is expected to occur with the end of useful coating at sbout 20 years.
In this installation it is not fessible to renew the costing at the
end of its useful life.

b. It shonld be noted thet the savings effected by use of the
coating is primarily in savings of glectrical power. Even extending
the estimated 1ife beyond the life predicated would not result in
sufficient electrical. power savings to psy for the coabing below
water. Ib is obvious that a grest saving can be obtained from

* Ove soldier plle and one batter pile.
-8~



irstalling bere piling. However, the sbovewster portions of the steel
piling should be costed, and & cosl~-ber epoxy resin is suggested for
the zone fram -5.0 elevatlion msl to +5.0 elevation mel.

¢. A cost estimate for cathodic protection of the bare steel
piling to compare with the normel sheathing cost is shown in Appen-
dix A. The cost of such csthodle protection amounts to $38,580.00.
The cost of imstallation, power and maintenance for the cathodic
protection system over a 50-year period amounts to $225,920.00. On
a per pile set* per year basis, this amounts to $28.60. The monel
sheathing costs $67.00 per pile set per year.

15. Sumery. - Summerizing the evaluation and comparison of costs,

1% can be seen that the most economlcal method of insuring 50-year
life is by applying cathodic protection to bare steel piles.

E. ENGINEERTING CONSIDERATIONS

16. Reccmmended Corrosion Mitigetion. - The choice of methods for
corrosion mitigation for the Canal Wall metal is cathodic protection.
The cathodic protection is to be applied to bare steel. Any factory
coatings on the steel should be allowed to remaln except for the por-
tion of the piles that would be speclally coated.

8. Waber resistivity changes willl occur in the canal and in the
Providence River, as hereln described. These changes have been con-
sldered in this Design Memorandum. Marine growths will not be a
problem on the river side of the wall but will become a problem on
the canal side of the Canal Wall. Ansercblc hacterie will live on
the river side of the Csnal Wall.

b. The utilities discussed should be bonded into the cathodic
protection system 1f necessary. No stray current problems are anti-
cipabed.

¢. The maximm corrosion is expected 10 be in the tidsl zone
of the canal side at a rate of 10 mpy. Pitting corrosion rate will
be higher than 10 mpy or approximstely 15 mpy.

d. The piles are to be considered metallically connected due
to the wele exbending between soldier piles and hondivg between
soldler pile, batter pile and the wale. Piles supporting the flumes
and the plles for the deflector wall are comnsldered to be bonded into
the Cenal Wall. The flsp gates are considered to be bonded to the
Cenal Wall.

e, Test polnts should be located at locations which will
properly monitor the cathodle protectlon system.

* One soldier pile and one baliber pile.
- -'9&.‘.
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TABLE 1

WATER RESISTIVITY AND pH TESTS BETWEEN HIGH AND LOW TIDES
20 JULY 1960 AND 21 JULY 1960

Resistivity
_ Chm~cm
No. Location - 1*' Deep 47 Deep pH
1. Point Street Bridge -
West Side 48 4o 7.5
2. South of Proposed Hurricane
Barrier at Narragansett
Electric Company Coel Pile 48 35 8.2
3. Narraganseti Electric
Company, South Street
Station, Screen House 35 28 -—

/7 we j Q# 4 :;3/?:?/' /}::_.AI/V &
U 1 ?/zv//i A
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TABLE 2
POTENTTAL TESTS

Potential

No. Ubility Location in Volis

1. Steam Pipe  Point Street Bridge¥¥ -0.60%
2. 115 KV Cables Franklin Squere Substation®*  .0.40%
3. 22 KV Cables Transformers*¥¥% Scuth Streé‘l;» '

Flant, Narrsgensett Electric

Company +0.250+
4. TInteke Screen No. 1  Screen House®¥ -1.27%
5. Intake Screen No. 2 2 Screen House-l-t-l-t- -»1.15'5P
6. Inbeke Screen No. 3 Screen House** -1.30*
7. Inteke Screen No. ¥ Screen House-lé -1.28-;(-
8. TIntake Screen No. 5 Screen House¥¥* =1.17%
9. Intake Scereen No. 1  Screen House**% -0-65".“

10. Inteke Screen No. % Screen House®¥* —1.3046

11. TInmbske Screen No. 4 Screen House¥* -0.68%
(Hel.f-cell near trash - ]
rack and rectifier "ON")

12. Intske Screen No. 4 Screen House¥¥¥ -0.T0%
(Half-cell neaxr trash - )
rack end rectifier "OFF")

+ Fence sround parking lot as reference.

* Copper-copper sulfate half-cell for reference.

¥* Menchester Plant, Narrsgansett Electric Company.

3

South Street Plant, Narrsgansett Electric Campany.

A~2



TARLE 3
TESTS ON WATER FROM PROVIDENCE RIVER
27 MARCH 1957 TO 17 JUNE 1960

(Courtesy Narragansett Electric Company)

Result
Test Mexrinnm Date Mininnm Date
Temperature - degrees F. 78 6/26/57 33 1/7/59
9/9/59
pHE 8.2 3/27/51 7.2 9/17/58
5/13/60
COp 7.5 11/13/57 0.0 --
0 11..0 3/16/57 0.0 -
e 3/13/58
1/28/59
BpS 0.06  9/9/59 0.0 . --
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PHOTOGRAPHS OF SCREENS FOR
COOLING WATER INTAKE, PROVIDENCE RIVER

COURTESY OF NARRAGANSETT ELECTRIC COMPANY

. CORRODED STEEL BASKETS FOR SCREENS

2. CORRODED STEEL BASKETS FOR SCREENS

|18



PHOTOGRAPHS OF SCREENS FOR
COOLING WATER INTAKE, PROVIDENCE RIVER
COURTESY OF NARRAGANSETT ELECTRIC COMPANY

3. CLOSE-UP OF
CORRODED STEEL BASKETS FOR SCREENS

2B
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THE HINCHMAN CORPORATION : WOODWARD 2~5272

ENGINEERS FRANCIS PAIMS BUILDING
- DETROIT 1, MICHIGAN
8 AUGUST 1960

CHARLES A. MAGUIRE & ASSOGIATES

Engineers .

11th Floor, Turks Head Building

Providence 3, Rhode Island =~

Attention: Mr. F. C. Pierce

Subject: Design Memorendum 15
Our Job No. 760-530

Gentlemen:

This letter is & confirmetion of the telephone conversation on
L Avgust 1960 between Mr. F. €. Pierce and the writer. Two points
had been raised by Mr. Pierce: (1) what is the basis for the current
density used on the canal well, and (2) what effect will the timber
have on corrosion of the H pile?

In angwer to these questions, we have prepared the enclosed
supplement to the Design Memorendum 15.

We hope this supplement will serve to clarify the questions

raised. If there asxre any further questlons, we shall be happy to -
hesr from you. -

Very truly yours,
THE HINCHMAN CORPORATION
/s/ C. H. Horton

¢. H. Horton
Principal Engineer

CHH: jrh
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1. The current density for the Cansel Wall is based on requirements
of steel in & marine enviromment as reported in technicel articles,
and from the experience of the engineer. A valusble source of
information is the experience of others who have reported their
results.

The water in the canal will become similar to the water in

. Nerragansett Bay, which is principally ses water. Pure sea
water contains 3.45% dissolved solids by weight. The water
in the Providence River contains 2.54% to 3.27% solids*. The
chloride content of sea water is 1.9% as (1~ while Providence
River water contains 1. 37% to 1.69%%.

Steel in pure sea water requires a minimem of three (3) millismps
per square foob current density¥*¥. The water in the cansl will
approach pure sea water. The 3 me/sq.ft. is increased by 1/3
because the water will be slightly diluted. Thus, 4 ms/sq.ft.
was selected to protect the canal side of the steel Canal Wall.

The water in the Providence River will continue to be brackish.
From experience, it is known that higher current density is
required in brackish water than in pure sea water. The reason
for a higher current density is due to a lowered concentration
of calcium carbonate which in sea water aids in lowering the
current required for protecting steel. Water similar in nature
to thet found in the Providence River is found in the Saguenay
River.*¥* The water in both places 1s sea water underneath fresh
water. In the Saguenay River, & current density of 10 ma/sq.ft.
is required for protection. This current density was chosen for
the river side of the Canal Wall, and is'required for protection
of the steel.

* Laboratory report 9-21-59 for Corps of Engineers.

**  "Cathodic Protection of Fourteen Offshore Drilling Platforms" -
E. P, DOREMUS & G. L. DOREMUS, Corrosion, July 1950.

"Protection of Steel in Offshore Structures" -~ F. L. LaqUE,
Drilling, June 1950.

*¥*¥% "Current Denslties to Protect Steel Piling in Fresh Water Tidal
Estueries" - Corrosion, April 1960. Revision of a paper titled
"Scme Notes on Cathodic Protection in Tidal Estuaries” -

D. B. BIRD & H. G. BURBIDGE..

~1-
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Cathodlc Protection of steel in flowing sea water off Cape Cod
reveals a current density requirement of up to 6.95 ma/sq,ft.¥¥*x
This figure was nobt used as & basis for the current density
required on the Canel Wall, but it does reveal the order of
megnitude of the current density required.

Some formilas have been obtained empirically for deciding on
current density requirements in soil. Such formulas are not
appllcable to cethodic protection in waler.

2. Cethodic protection will chemically reduce any oxygen on the
protected steel surface. Steel contacting the Himber will not
have oxygen on its surface due to the physical restrictions on
water bringing in oxygen. Thus both protected and timber con-
tacting surfaces of the steel will be in an oxygen deficient
environment. Corrosion due to differential seration cennot
occur.

In addition, any corrosion products due to the slight amount of
corrosion which does occur on steel surfaces in contact with the
tinber, will be physlcally prevented from leaving because of the
timber. By preventing corrosion products from leaving, corrosion
cennot conbinue. ‘

When the timber becomes wetted, current from the cathodic protec-
tion system will flow through the wood to the steel surface.
Allowance has been mede for current flow to all surfaces of the
steel.

Tt has been considered that the timber in contact with the steel
piles will not sdversely affect the corrosion measures recommended.

*%¥% The Hinchman Corporation reccrds TT-2.



